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Vertical DFRT-PFM on MAPbI3 perovskite … :

• …featured a ~180° PFM phase contrast suggesting a 

ferroelectric character of the imaged domain.

• …resolved the additional ferroelastic nature of the 

same domain in the frequency of the DFRT feedback.

Figure 5: DFRT-PFM measurement on a large MAPbI3 crystal shows 

correlating PFM signals and frequency from the DFRT feedback 
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Summary: DFRT-PFM on MAPbI3Conclusions

DFRT-PFM on MAPbI3 perovskite

Figure 4: DFRT stabilizes the resonance enhanced PFM signal on rough sample surfaces like bismuth ferrite

Frequency tracking PFM … :

• …allows reliable and crosstalk-free PFM imaging 

with resonance enhancement.

• …offers additional nanomechanical sample 

information via the DFRT feedback frequency.
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Dual frequency resonance tracking (DFRT) stabilizes the piezoresponse in

resonance-enhanced piezoresponse force microscopy (PFM):

A frequency feedback maintains a constant amplitude ratio of two sidebands

left and right of the contact resonance of the cantilever by readjusting the

frequency of the PFM drive.

Figure 3: PFM working principle and cantilever spectrum with contact resonant plus

sidebands for frequency tracking

By tracking the contact resonance, DFRT-PFM eliminates

topography crosstalk on rough sample surfaces and

images mechanical sample inhomogeneities in the

feedback frequency.
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Figure 2: Park Systems’ NX10 AFM 

and Zurich Instruments HF2LI 

The same domain featured a 20 kHz contrast in the resonance

frequency shift in the DFRT feedback. The change of the contact

resonance suggests differing mechanical properties of the domain

and the surrounding areas, indicative of an additional ferroelastic

nature of the domain.

Vertical DFRT-PFM on a

large MAPbI3 grain resolved

a triangular domain in the

PFM amplitude and phase

with close to 180° phase

contrast, likely caused by

ferroelectricity.

Methylammonium lead iodide (MAPbI3)-

based photovoltaics have seen an

astonishing increase in power conversion

efficiency due to their unique optoelectronic

properties and charge carrier dynamics.

Figure 1: Diffusion constants D parallel and perpendicular to the 

domains [3]  

Since MAPbI3 crystallizes in a

tetragonal perovskite structure with

a polar center-ion, researchers have

long suggested that the material

features ferroelectricity and

ferroelasticity. Several studies have

imaged domains in MAPbI3’s

piezoresponse, which influence the

charge carrier dynamics in MAPbI3
photovoltaics. To harness this effect

for device optimization the nature

of the domains needs to be probed.


